Summary. The identity of the neurotransmitter(s) in the mammalian retinogeniculate pathway is unclear. To investigate the possibility that some amino acids and certain dipeptides, such as N-acetyl-aspartyl-glutamate (NAAG), fulfill this function, changes in their concentration were measured in the optic tract, and the parvocellular and magnocellular segments of the LGNd of six monkeys (Macacafascicularis), seven days after right optic tractotomy. The LGNd was studied also in two additional macaques, three months after occipital lobectomy. Tissue was frozen within five minutes of death, regions were dissected with the micropunch technique, and substances were analyzed by HPLC. Optic tractotomy induced significant, large reductions in NAAG, glutamate and aspartate in the optic tract distal to the lesion. Significant decreases in NAAG were also measured in the LGNd, and these changes were apparent in both the parvocellular and magnocellular segments. A small reduction in glutamate reached significance in the parvocellular laminae, and that of aspartate only approached significance in the magnocellular division. Occipital lobectomy produced large declines in aspartate and glutamate in the LGNd. The results of optic tractotomy support the role of NAAG as a neurotransmitter candidate in the monkey retinogeniculate pathways; its significant decrease in both geniculate segments suggests that both P-and M-retinal axons utilize this substance. Although at times the reductions in glutamate or aspartate failed to reach significance, their role cannot be excluded. The findings after occipital lobectomy strongly favor these latter substances as corticogeniculate and/or geniculocortical transmitters.
Introduction
The neurotransmitters released in the mammalian lateral geniculate nucleus pars dorsalis (LGNd) from axon terminals of retinal origin are still a matter of controversy. After the demonstration that the monoamines and acetylcholine present in the LGNd derived from non-retinal sources (for review see Pasik et al. 1990 ), the excitatory amino acids glutamate (GLU) and/or aspartate (ASP) appeared to be the most likely candidates (Curtis and Davis 1962) . In fact, the LGNd neuronal responses to visual or electric stimulation were abolished by NMDA receptor antagonists (Kemp and Sillito 1982; Sillito et al. 1990a, b; Heggelund and Hartviet 1990) , and/or non-NMDA receptor blockers in the cat (Hartviet and Heggelund 1990; Sillito et al. 1990b) , as well as in in vitro rat brain slices (Crunelli et al. 1987) . Furthermore, retinal terminals in the monkey LGNd were labeled with a GLU antibody (Montero and Wenthold 1989) . Finally, experiments in the rat superior colliculus, a target of mostly contralateral retinal projections, showed a decline in GLU levels on the side opposite to an eye enucleation, and the postsynaptic potentials elicited in slices by stimulation of the stratum opticum were blocked by a non-NMDA receptor antagonist (Sakurai et al. 1990 ).
However, the support for the notion that GLU is released by retinal terminals is not universal. Thus, there were no significant differences in GLU levels between the LGNd of each side after unilateral enucleation in the rabbit (Margolis et al. 1968) , and no changes in the high affinity uptake of GLU in the rat LGNd after eye enucleation (Lund-Karlsson and Fonnum 1978) . GLU receptors were noticeably low in the monkey LGNd (Shaw and Cynader 1986) ; and stimulation of the optic papilla in the rat resulted in no release of GLU/ASP in an in vivo microdyalisis of the contralateral superior colliculus (Tsai et al. 1990 ).
More recently, much attention has been paid to acetylated amino acids and acidic dipeptidcs as possible trans-4~ mitters acting on GLU receptors in various sensory and motor pathways (for review see . In the visual system, the strongest evidence comes from immunocytochemistry with antibodies against N-acetylaspartyl-glutamate (NAAG) that do not crossreact with GLU/ASP. Both in the rat and cat, heavy label was present in many retinal ganglion cells of all types, the optic nerve, chiasm and tract, as well as the LGNd and superior colliculus, which showed numerous puncta suggestive of terminal boutons (Anderson et al. 1987; Tieman et al. 1987a ). In addition, the highest levels of NAAG were measured in the optic chiasm and tract of the rat (Guarda et al. 1988) , and decreases in NAAG levels were obtained in the LGNd and superior colliculus of the same species, after contralateral enucleation. It appears, however, that the decline in the LGNd failed to reach statistical significance (Anderson et al. 1987) . Finally, in vivo microdyalisis of the rat superior colliculus with tritiated NAAG or GLU showed a veratridineinduced 8-fold increase in the release of the former and none of the latter compound, and similar results on stimulation of the optic papilla (Tsai et al. 1988 (Tsai et al. , 1990 . The Ca 2 +-dependent release was reduced markedly after contralateral eye enucleation.
Of the several neuropeptides present in the retina, only substance P (SP) has been implicated in the retinogeniculate pathway. In the rabbit, about 30 % of ganglion cells in all retinal regions were labeled with a SP antibody, and many of the same were filled by retrograde transport of HRP injected into the colliculi (Brecha et al. 1987) . SP-positive boutons in the LGNd were presynaptic to dendrites of principal cells and interneurons, and the immunoreactivity was not present after optic nerve section.
It is well known that retinal ganglion cells comprise several subpopulations, which in primates fall within two main classes, the P-and M-cells, each of which can be of the "on" or "off" center type (for comparison with the X-and Y-cells in the cat, see Shapley and Perry 1986 ). The preceding introduction on possible neurotransmitters pointed to a certain homogeneity in the nature of all retinal ganglion cells. Most of the studies, however, were made on species where the terminations of various categories in the LGNd were intermingled. The monkey offers the possibility of analysis by layers where at least the termination of P-and M-optic fibers are clearly segregated in the parvocellular and magnocellular laminae, respectively. The present study utilized this anatomic arrangement for the separate analysis of LGNd laminar types, regarding amino acids and an acetylated acidic dipeptide after unilateral optic tractotomy. Thus, each animal provided an experimental visually deafferented side, and a control intact side for comparison. In addition, the effect of chronic decortication on the levels of amino acids in the LGNd was also investigated. Preliminary findings have appeared in abstract form (MolinarRode and Pasik 1987) .
Material and methods

Subjects
Eight monkeys (Macaca fascicular&), 1.9-3.6 kg in body weight served as experimental animals. Six of them received an optic tract section, and the other two an occipital lobectomy. For details on individual subjects see Table 1 .
Surgical procedures
All operations were made under pentobarbital anesthesia (35 mg/kg) and sterile precautions, with the aid of a surgical microscope. The technique for transecting the optic tract was described in detail in an earlier publication (Pasik and Pasik 1972) . In brief, the animal was given an intravenous infusion of 30% (w/v) urea solution in 10% invert sugar in water (3.2 ml/kg) over 30 min to induce a reduction in brain volume, thereby facilitating the exposure. The right optic tract was visualized by gentle retraction of the frontal lobe with the animal positioned so that the vertex pointed downward. After teasing the arachnoid of the chiasmatic cistern, the tract was transected subpially approximately 1 mm caudal to the posterior angle of the optic chiasm. After surgery, monkeys were maintained on methylprednisolone 2 mg twice a day for three days, the dose being reduced progressively during the total survival period of seven days.
The occipital lobectomy was also described earlier (Pasik and Pasik 1982) . Briefly, the left occipital lobe was amputated at the level of the lunate sulcus in a plane approximately perpendicular to the falx using a 20-gauge suction tip and bipolar electrocautery of the major blood vessels. Thereafter, the cross section of the calcarine fissure was visualized, and the cortex of the superior and inferior banks was aspirated with a 22-gauge suction tip under visual guidance through the operating microscope. The rostral end of the aspiration was identified by the pial lining and the entrance of the calcarine blood vessels. These animals were allowed to survive for three months.
Specimen collection
The calvarium and dura were surgically removed in a cold room under deep barbiturate narcosis. The brain was then obtained in less than 15 s after intravenous delivery of a lethal dose of barbiturates. The chilled brain was hemisected and the right side dissected into coronal blocks containing the optic tract and the LGNd. Equivalent structures on the opposite hemisphere were collected similarly to serve as within-animal controls. The blocks of tissue were frozen immediately in isopentane at -20 ~ C, and then taken rapidly to -70 ~ C. The time span between administration of the euthanasia solution and freezing of the tissue was less than 5 rain. Blocks (kg)
containing the right optic tract at the level of the transection, and the caudal end of the left hemisphere in lobectomized animals were fixed in 10% formalin and embedded in celloidin for histological verification of the lesions in serial sections stained with luxol fast blue. The blocks of frozen tissue were cut with a cryostat at -8 ~ C in 256 gm thick coronal sections which were mounted onto glass slides, maintained frozen on dry-ice, and stored at -20 ~ C for 1-3 days in an airtight container until dissected. The micropunch technique (Palkovits and Brownstein 1983) was used to obtain separate samples under stereomieroscopic control from the optic tract distal to the transection; and the LGNd magnocellular laminae (Mg) 1 and 2, and parvocellular laminae (Pv), mostly 5 and 6, with the corresponding interlaminae. The punches were adapted from hypodermic 22-gauge stainless steel tubing, cut and sharpened at 90 ~ The inner diameter of their tips were calibrated by measuring under the microscope the impression left on transparent tape attached to a glass slide. The wet weight of tissue equivalent to one punched disc was calculated from the thickness of the section and the area of the disc. The volume of the disc in mm 3 was equivalent to the weight of the tissue in rag, since the density of the tissue was verified to be 1 mg/mm 3.
The microdissection was performed on the frozen slides attached to a thermoelectric freezing stage (Model BFS-25TC; Bailey Instruments Co.; Saddle Brook, NJ), adjusted to -10 ~ C. The punch technique was repeated on sequential slides until 40 to 60 discs (total average of approximately 3 mg) per structure were collected in separate vials containing 500 gl of iced-cold 0.4N perchloric acid, and 10 nmol of norleucine as internal standard. The tissue was then homogenized, the insoluble material was removed by centrifugation in the cold, and the supernatant fluid was adjusted to pH 2.5-4.5 with 1N and 0.1N KOH. After chilling the solution, the precipitated potassium perchlorate was removed by centrifugation. The resultant clear supernatant layer was frozen and maintained at -70 ~ C until analysis.
Amino acid analyses
Amino acids and other free-amino compounds were analyzed by high-performance liquid chromatography (HPLC) with fluorometric detection. The instrument used was a Perkin-Ehner series 4 quaternary solvent delivery system, equipped with an o-phthalaldehyde module for post-column delivery of the fluorophoric reagent. The separation column and lithium citrate buffers (Pickering Laboratories, Inc., Mountain View, CA) as well as the reagents composition and elutions were used as recommended by the manufacturers. Under these conditions, the sensitivity of the method was at least 0.05 nmol/injection. The areas under the peaks of the chromatogram corresponding to each amino acid were integrated with an electronic graphic digitizer (Numonics Corp., North Wales, PA). The sample was thawed and adjusted to pH 2.8-3.2 before being analyzed by HPLC, with a volume per injection of 75-150 gl, equivalent to approximately 0.5 mg of tissue. The recovery was 70-90% based on norleucine used as internal standard. The concentration of the sample was expressed in gmol/g wet weight.
NAAG and NAA analyses
The levels of N-acetyl-aspartate (NAA) and N-acetyl-aspartylglutamate (NAAG) were measured with an isocratic anion HPLC method adapted from a published protocol , with two main differences: (1) the extraction solvent was perchloric acid instead of ice-cold methanol, which allowed the use of the same sample for both amino acid and dipeptide analysis (see above); (2) glutamate, aspartate and other free-amino compounds were not removed from the sample. The modified method was validated in preliminary experiments with whole rat brain samples. The mean of two determinations showed that the levels of NAA and NAAG were 6.82 nmol/mg wt and 0.32 nmol/mg wt, respectively. These values are in almost complete agreement with those reported previously using methanol (NAA = 6.82 nmol/mg wt., NAAG = 0.37 nmol/mg wt.) . Furthermore, when the standard solution containing 10 nmol each of 41 amino compounds, was injected into the HPLC equipped for peptide analysis (see next paragraph), a large off-scale deflection appeared at ~ 3 rain and returned to baseline values at ~ 7 min, with no further peaks occurring for up to one hour. Finally, when a mixture containing 1.0 nmol each of GLU, ASP, NAA and NAAG was analyzed by this HPLC method, retention times were 4.9, 5.5, 10.5 and 27.0 min, respectively. Therefore, all the amino acids present in the physiological standard solution eluted at least 3 min earlier than NAA and 20 min earlier than NAAG, and consequently their presence was not a confounding factor in the analysis.
The instrument employed was the same used for amino acid analysis, but equipped with a LC-95 spectrophotometric detector. The separation was carried out in a Partisil 10-SAX column, 250 x 4.6 mm (Alltech Assoc., Deerfield, IL), protected with a guard column that was packed with a pellicular anion-exchange resin (Whatman; Clifton, NJ). The mobile phase consisted of 75 mM monobasic potassium phosphate (pH 4.5) at a flow rate of 1 ml/min. Periodically, the column was regenerated with 200 mM monobasic potassium phosphate at the same flow rate for one hour. Absorbance was monitored at a wavelength of 210 nm. Under these conditions, the limit of detection was 0.25 nmol/injection. Each injection represented approximately 0.5-1.0 mg of tissue. External standards were N-acetyl-glutamate (NAG, Sigma A-9000), NAA (Sigma A-8901), and NAAG (Biochem, Torrance, CA). NAG eluted at 9.4 min. As stated earlier, the elution times of NAA and NAAG were 10.5 and 27.0 min, respectively. The purity of the NAAG standard was tested by amino acid analysis before and after acid hydrolysis. Standard curves were plotted for NAAG and NAA in the range of 0.5 nmol to 2.0 nmol. In this case, and differing from the amino acid analysis, the concentration correlated linearly with both the height of, and the area under the peaks; therefore only height measurements were performed on the resulting chromatograms. The recovery was calculated from the amino acid analysis of the same sample. The final concentrations of NAA and NAAG in the analytical samples were expressed in ~tmol/g wet wt.
Results
Histolooical verification
The interruption of the right optic tract was complete in all 6 animals, as verified by the examination of serial sections from the block containing the transection (Fig. 1) . In addition, the lesions in monkeys 1033, 1036 and 1040 encroached upon the ventral portion of the tuberal region of the hypothalamus.
The left occipital lobectomy succeeded in removing the entirety of area 17, with major involvement of area 18 (almost 80%), and area 19 (approximately 30%). Specimens of the remaining posterior portion of the hemisphere were in all comparable to those of previous reports from this laboratory (Pasik and Pasik 1982) and need not be illustrated further. The results of severing all axons of retinal ganglion cells collected in the right optic tract are given in Table  2 , which also contains the measurements of NAA and NAAG (see below). The LGNd was sampled in all 6 animals, whereas the optic tract distal to the transection was studied only in monkeys 1035, 1036, 1037 and 1040. The statistical significance between mean differences of absolute values in the control and experimental sides derives from Student's paired t-tests. Differences are also expressed as the percent change from control values, calculated with the formula [(experimental/control)-l] 100.
In all of the structures, the levels of TAU, GLN and GABA are minimally affected by the optic tract section. In the portion of the optic tract distal to the lesion, i.e. 2-3 mm before entering the LGNd, only ASP and GLU show significant reductions (p < 0.01) in their mean concentrations, which amount to 50 % and 48 %, respectively (Table 2A) . Contrariwise, there are large increases in ALA and GLY (70 % and 69 %, respectively), that of the former reaching significance (p< 0.05), and a minimal gain in CTH.
The major drops in GLU and ASP observed in the optic tract appear attenuated in the LGNd (Table 2B, C) . Moreover, a differential effect is apparent in the Mg and Pv divisions, so that the decrease in GLU, although small ( -11%), is significant only in Pv, and the larger reduction ( -2 6 % ) in ASP only approaches statistical significance and solely in Mg (p<0.056). CTH is the only amino acid with consistently significant higher levels in both segments of the LGNd after the optic tract section.
N~AcetyLAspartate and N-AcetyLAspartyl-Glutamate.
The normal regional distribution of NAAG and NAA was studied in the optic tract, and the LGNd on the control side (left) of tractotomized monkeys. A representative chromatogram of the HPLC analysis is illustrated in Fig. 3 .' The concentration of NAAG is high in the optic tract (3.86 gmol/g wt), and intermediate in the LGNd (Mg: 3.44 gmol/g wt; Pv: 2.11 gmol/g wt) ( Table 2) . The difference between the magnocellular and parvocellular segments is not significant.
The level of NAA is lower in the optic tract (4.62 gmol/g wt), than in the LGNd (6.44-8.51 gmol/g wt), with no significant differences between the two segments of the LGNd (Table 2 ). It is noteworthy that NAAG and NAA show an inverse gradient of concentration in the examined structures, so that NAAG decreases from the optic tract towards the LGNd, and NAA decreases in the opposite direction (Table 2) . The effects of optic tract section are striking. In the portion of the optic tract distal to the lesion, i.e., close to the LGNd, there is a dramatic and significant (p<0.05) decline in NAAG concentration, which amounts to 82%. The reduction in NAA of 19% is not significant (Table 2A) .
In the LGNd, the concentration of NAAG also decreases, but less prominently than in the optic tract. The reduction is significant in both types of laminae (Table  2B , C), but the magnitude of the decline is larger in Mg (62%) than in Pv (22%). The concentration of NAA only decreases significantly in Pv.
Effects of occipital lobectomy
The effect of left occipital lobectomy on the amino acids concentrations was examined only in the LGNd of two other monkeys (1029 and 1031) after a three-month survival period. Although the LGNd on the operated side appeared shrunken and did not have a discernible lamination, separate samples were taken from approximately 0.5 mm from the ventral surface, designated as "magnocellular", and from 0.5 mm of the limit with the white matter capsule in the dorsal region of the nucleus, representing the "parvocellular" component.
Most of the results are highly consistent over the two animals (Table 3) . Drastic reductions in the concentrations of ASP and GLU are observed in both the Mg and Pv segments of the LGNd after the extended complete excision of the striate cortex. The magnitude of the decreases are in the average 75% for ASP and 66% for GLU. The declines in ALA and GABA are approximately 50 %. Two of the amino acids show increases after the surgical procedure, especially CTH (160%), followed by TAU (56%). Finally, GLN changes only minimally, and GLY decreases in Mg and increases in Pv.
Discussion
NAAG as a possible neurotransmitter in retinooeniculate pathways
The most robust finding of the present investigation is the marked reduction in the concentration of the acetylated acidic dipeptide NAAG after a 7-day survival optic tractotomy. This decrease is observed in the optic tract distal to the transection and in the LGNd of the ipsilateral side, as compared with the opposite normal side. The selected survival time allows for the degeneration of retinal terminals in the LGNd with minimal glial and transneuronal reactions (Colonnier and Guillery 1964) . The magnitude of the effect is greater in the tract than in the LGNd. This observation may reflect the homogeneous composition of the tract which contains only optic fibers and glia, whereas the LGNd comprises a variety of intrinsic and extrinsic components in addition to the termination of optic axons (reviewed in Pasik et al. 1990 ). Separate analyses of the Pv and Mg laminae serve to evaluate possible differences in neuroactive substances utilized by the P and M retinogeniculate pathways, which terminate in the parvocellular and magnocellular segments of the LGNd, respectively (reviewed in Shapley and Perry 1986) . A significant reduction in NAAG concentration, however, is apparent in both divisions of the nucleus although the deficit is greater in the Mg than in the Pv laminae, probably because of the higher proportion of optic tract fibers in the Mg samples. The results therefore suggest that NAAG may be utilized in both the P and M retinogeniculate pathways.
An even larger reduction in NAAG concentration has been reported in the rat LGNd contralateral to one eye enucleation (Anderson et al. 1987) . In this case, the persistence of some normal uncrossed fibers contralateral to the enucleation, and the presence of some degenerated terminals from crossed fibers on the side of the enucleation, may lead to overestimations in the contralateral
LGNd, and underestimations in the ipsilateral nucleus. Thus, the difference would be greater than that of the present study, where section of one optic tract resulted in total deafferentation of the ipsilateral LGNd, and total preservation of the contralateral nucleus. Immunocytochemical studies also support the presence of NAAG in the retinogeniculate pathways (Anderson et al. 1987 ). In the cat, NAAG-like immunoreactivity is observed in the majority of retinal ganglion cells, suggesting a common role for NAAG in all of these neurons (Tieman et al. 1987a) .
NAAG meets several criteria for being considered as a putative neurotransmitter (reviewed in . It is present in specific neuronal systems and decreases in the terminal fields after interruption of such systems as shown in this study and others. Its biosynthesis appears to occur by incorporation of GLU into NAA, and it is of interest that in the present investigation the NAAG concentration was high in the optic tract and moderate in the LGNd, and the reversed occurred in the levels of NAA. NAAG is released from optic terminals in the rat superior colliculus in a Ca 2 +-dependent manner (Tsai et al. 1988 (Tsai et al. , 1990 , and in rat brain slices by the action of K + (Zollinger et al. 1988) . It depolarizes pyramidal cells of the pyriform cortex, lateral septal neurons, spinal neurons in culture, and Purkinje cells in guinea pig cerebellar slices; and its action may be mediated through both NMDA and non-NMDA receptors (reviewed in . It is relevant to the present results that both receptor types are found in the cat
LGNd cells (Sillito et al. 1990b ) and have been differentially located on neurons with "lagged" and "nonlagged" responses respectively (Heggelund and Hartviet 1990; Hartviet and Heggelund 1990) . The termination of NAAG action appears to be dependent on a metallopeptidase (NAALADase) (Robinson et al. 1986 ) for which a competitive inhibitor has been recently defined (Serval et al. 1990 ).
Although the above information supports the role of NAAG as a neurotransmitter acting on some GLU receptor(s), other evidence suggests a neuromodulatory role, not necessarily coupled to glutamatergic transmission. Thus, NAAG may not bind to a GLU receptor but to a GLU uptake site Shoepp and Johnson 1989) . It coexists in some cholinergic, noradrenergic and serotoninergic neurons (Forloni et al. 1987) , and probably in other cell types as well (Moffett et al. 1989) . Furthermore, its role in the somatosensory thalamic nuclei has been negated (Henderson and Salt 1988) , and doubts have been cast on its action in the pyriform cortex slice where the depolarization could be due to remnants of K + in the bath (Whittemore and Koerner 1989) .
GLU/ASP as possible neurotransmitters in retinogenicu~ late pathways. The possibility that GLU/ASP may play a role in neurotransmission at retinogeniculate synapses can not be ruled out from the present findings, although the evidence is rather weak. Optic tract section indeed produces a significant reduction in the concentration of both amino acids in the optic tract distal to the lesion, but the changes in the LGNd are small, particularly in Pv where only the decline in GLU reaches significance. The decreases are larger in Mg, probably as a result of the higher proportion of optic fibers in the samples, but only the decline in ASP approaches significance. Similarly, the minimal changes noted in the rabbit LGNd after eye enucleation are not significant (Margolis et al. 1968) . Previous findings of no alterations in the high affinity uptake of GLU in the LGNd after enucleation (LundKarlsson and Fonnum 1978) , and no release of GLU/ ASP in the superior colliculus by stimulation of the optic papilla (Tsai et al. 1990 ) argue against the role of these amino acids as transmitters in retinal terminals. The small changes after surgery noted in the present results suggest that most of the pool of these amino acids resides outside retinal endings, mainly in LGNd neurons and corticogeniculate terminals (see below). Yet, in an immunogold study in the monkey LGNd, a GLU antibody labels numerous retinal terminals identified with accepted ultrastructural criteria (Montero and Wenthold 1989) . Since similar results are obtained with a NAAG antibody in the rat, cat and monkey (Anderson et al. 1987; Tieman et al. 1987a Tieman et al. , 1987b , GLU and NAAG may coexist in these terminals. It should be noted, however, that whereas the NAAG antibody has no crossreactivity with GLU/ASP (Anderson et al. 1987) , no such a datum is available on the possible crossreactivity of the GLU antibody with NAAG in the immunogold study (Montero and Wenthold 1989) .
Neurotransmitters in corticogeniculate and 9eniculocortical pathways
The major reductions of GLU/ASP in the LGNd after visual cortical ablation extend to the monkey the earlier findings in the rabbit and rat (Margolis et al. 1968; Lund-Karlsson and Fonnum 1978) , and support the view that these amino acids are the primary transmitters in the corticogeniculate pathway. The fact that NAAG immunoreactivity is not present in layer 6 pyramidal cells of the striate cortex (Tieman et al. 1987a) , which give rise to the corticogeniculate projection, argues against the role of the dipeptide in this pathway. It should be noted that the 3-month survival cortical ablation in the present investigation results in the disappearance of cortical terminals as well as principal cells in the LGNd, with relative preservation of interneurons and other afferents including those of retinal origin (Pasik et al. 1973 ). The major decreases in GLU/ASP levels, therefore, may be due to additional degeneration of principal cells which are seemingly glutamatergic in the cat (Tsumoto et al. 1986; Tamura et al. 1990 ). It has been suggested that NAAG may play a transmitter role in the geniculocortical pathway (Tieman et al. 1987a ). The dipeptide, however, is undetectable in samples of striate cortex centered on layer 4, which contains the termination of such a pathway, as measured with the techniques of the present study (Molinar-Rode and Pasik, unpublished) . 47 subsystems. Such could be the case of SP, which appears to be present in about 30% of the rabbit retinal ganglion cells (Brecha et al. 1987) .
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Other changes after optic tractotomy and/or occipital lobectomy
The concentration of some amino acids increases in structures ipsilateral to the optic tract section and/or occipital lobectomy. The higher levels of ALA and GLY after the former lesion may be due to a greater rate of protein degradation than protein synthesis, occurring as part of the degeneration taking place in the affected structures. This explanation does not apply to the small TAU increases in the LGNd after optic tractotomy, since this amino acid is not a normal constituent of proteins. The increased concentration after the lesion suggests that TAU is not an important axonal component, leaving the neuroglia as the remaining source. This viewpoint finds support in the marked elevation of TAU levels in the LGNd after chronic occipital lobectomy, when the nucleus becomes intensely gliotic (Pasik et al. 1973) . The large increase in CTH observed in the LGNd after optic tractotomy and particularly after occipital lobectomy may result from an imbalance between the cystathionine synthase and the cystathionase reactions, producing an augmented synthesis and/or decreased degradation of this amino acid (Tallan et al. 1983 ). The decreases in GABA after occipital lobectomy probably represent the disappearance of some interneurons and/or terminals from the thalamic reticular nucleus, which degenerate transneuronally after cortical ablation (Ohara et al. 1980) .
Conclusions
The main objective of the present investigation was to discover the identity of the neurotransmitter(s) in the retinogeniculate pathways of the monkey. This species offered the possibility of analyzing separately the P and M subsystems since the retinal ganglion cells of each type project in a segregated fashion to the parvocellular and magnocellular segments of the LGNd, respectively. The results strongly support the role of NAAG in both P and M retinogeniculate pathways, but the negative results in other thalamic nuclei point to the need for physiologic/ pharmacologic experiments on the direct action of NAAG on geniculate neurons, particularly with the use of the recently defined NAALADase inhibitor (Serval et al. 1990 ). The role of GLU and/or ASP is only partially upheld by the present data, and the magnitude of the changes are considerably less dramatic than those of NAAG. The possibility remains that other neuroactive compounds colocalize with NAAG differentially in both
